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New directions for erectile dysfunction therapies 

K-E Andersson^* and P Hedlund^ 

department of Clinical Pharmacology, Lund University Hospital, 5-22285, Lund, Sweden 



Research in the field of erectile function and dysfunction has continued to expand rapidly. Based 
on the information available, some directions for future erectile dysfunction therapies can be 
identified. The first direction is improvement of current therapeutic principles. A second 
generation of orally active phosphodiesterase (PDE) inhibitors is being introduced, and further 
developments within this field can be expected. The recent introduction of apomorphine has 
opened the way for new dopamine receptor agonists. The second direction is combinations of 
existing therapeutic principles. Combinations of apomorphine and sildenafil and apomorphine 
and tti-adrenoceptor (AR) antagonists, for example, seem attractive and may have a therapeutic 
potential in patients not responding satisfactorily to single-drug treatment. Nitrosylated ai-AR 
antagonists, combining nitric oxide donation and oti- or a2-AR antagonism, are currently being 
evaluated. The third direction is new targets within the central nervous system. Melanocortin 
receptor agonists have shown promise not only in animal models, but also in preliminary studies 
in humans. Other possible targets, such as growth hormone-releasing peptide receptors, are being 
explored. The fourth direction is new peripheral targets. Rho-kinase antagonism and non-nitric 
oxide-mediated stimulation of soluble guanylyl cyclase have been suggested as possible new 
principles for drug development. The fourth direction is gene therapy. Progress has been made in 
intracavernosal somatic gene therapy and will probably continue. Still, problems remain, and 
advantages over conventional pharmacological therapies have to be demonstrated. The final 
direction is prevention strategies. Strategies to prevent cavernosal degeneration and/or to restore 
cavemosal hmction will be one of the most exciting challenges for future research. 
International Journal of Impotence Research (2002) 14, Suppl 1, S82-S92. DOT: 10.1038/ 
sj/ijir/3900797 
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Introduction 

The research activity within the field of erectile 
dysfunction (ED) has increased markedly during the 
last decade, and much new information has been 
obtained on both basic mechanisms and the clinical 
utility of different pharmacological principles. ^-^ 
After the successful introduction of sildenafil, 
peripheral targets have been in focus for drug 
development, and a second generation of phos- 
phodiesterase (PDE) inhibitors is currently being 
introduced. However, the recent introduction of 
apomorphine as a treatment option has directed 
interest also to central mechanisms as targets for 
pharmacological interventions. Gene therapy based 
on introduction or overexpression of genes that 
can influence erection seems promising, and new 
information is continuously added. Based on results 
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of current activities, several directions for future 
research may be predicted, and the following 
directions appear promising and will be briefly 
discussed: (1) improvement of current therapeutic 
principles, (2) combinations of existing therapeutic 
principles, (3) new targets within the central 
nervous system, (4) new peripheral targets, (5) gene 
therapy, and (6) prevention strategies. 



Improvement of current therapeutic principles 



New selective PDE inhibitors 

PDEs catalyze the hydrolysis of the second messen- 
gers cyclic adenosine monophosphate (cAMP) and 
cyclic guanosine monophosphate (cGMP), which 
are involved in signal pathways of cavernous 
smooth muscle. Because of their central role in 
smooth muscle tone regulation and the considerable 
variation of PDE isoenzymes with respect to species 
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and tissues, PDEs have become an attractive target 
for drug development. The protein superfamily of 
cyclic nucleotide PDEs can be subdivided into at 
least 11 families of structurally and functionally 
related enzymes. More than 40 isoforms have been 
characterized so far. all differing in their primary 
structures, specificity for cAMP and cGMP, cofactor 
requirements, kinetic properties, mechanisms of 
regulation, and tissue distributions.^"^ In human 
cavernous tissue, the presence of messenger RNA 
(mRNA) transcripts specific for 14 different human 
PDE isoenzymes and isoforms has been demon- 
strated by reverse transcription-polymerase chain 
reaction: three isogenes of PDE-1, PDE-2A, and PDE- 
lOA, which hydrolyze cAMP and cGMP; the cAMP- 
specific PDE-3A; four isogenes of PDE-4, PDE-7A, 
and PDE-8A; and the cGMP-specific PDEs PDE-5A 
and PDE-9A.5 PDE-5 constitutes the majority of the 
cGMP hydrolytic activity in corpora cavernosa 
smooth muscle cells, and functionally, PDE-3A 
and PDE-5A seem to be the most important.^-^ Lin 
et aP reported cloning of three PDE-5 isoforms from 
human penile tissues. Two of the isoforms were 
identical to PDE-5A1 and PDE-5A2, respectively, 
which had previously been isolated from non- 
penile tissue. The third isoform, PDE-5 A3, was 
novel; this isoform was confined to tissues with 
a smooth muscle or cardiac muscle component. 
PDE-5 A3 may be an interesting target for future drug 
developments. 

Second-generation, selective PDE-5 inhibitors, 
including vardenafiF and tadalafil (IC-351),^ are 
about to be introduced into the market, and several 
other drugs with the same mode of action are in 
different stages of development.^ "^^ It is expected 
that at least some of these oral agents will offer 
patients less adverse effects and versatility in rate of 
onset and duration of action. Currently, there are no 
cAMP PDE inhibitors available for the treatment of 
ED. However, the presence of both type 3 and type 4 
PDE enzymes in the human corpus cavernosum 
opens the possibility that in the future, specific 
cAMP PDE inhibitors might be targets for the 
pharmacological treatment of ED. 



New dopamine receptor agonists 

It is well established that dopaminergic mechanisms 
are involved in the regulation of male sexual 
behavior in animals and humans. It has also been 
known for many years that apomorphine, a dopa- 
mine receptor agonist that stimulates both dopa- 
mine Di and Dg receptors, can induce penile 
erection in rats and healthy and impotent men.^^ 
In rats, dopamine Da receptor stimulation appears to 
be responsible for the erectogenic effect, and this 
seems to be the case also in man.^^ Investigations 
involving low-dose systemic administration of sev- 



eral dopamine D2 receptor agonists, such as piribe- 
dil, lisuride, and quinelorane, to rats and other 
animals (for review, see Andersson and Wagner^^] 
have shown that the principle works. However, for 
different reasons, both pharmacodynamic (side 
effects) and pharmacokinetic, the development of 
ED drugs has been slow. Apomorphine, which is not 
effective orally and has a short duration of action, 
was found to have a limited therapeutic potential 
when injected, because of frequently occurring 
adverse effects, including emesis, yawning, drowsi- 
ness, transient nausea, lacrimation, flushing, and 
dizziness. However, Heaton and co-workers^'^ de- 
monstrated that apomorphine absorbed through the 
oral mucosa can act as an erectogenic agent with few 
adverse effects. Further extensive clinical experi- 
ences with sublingual apomorphine, 2 and 3 mg, 
have recently led to approval of apomorphine for 
clinical use in several countries, and available 
information suggests that sublingual apomorphine 
is an effective and reasonable alternative for patients 
with ED. ^5 Still, apomorphine has a narrow 
therapeutic window, and further exploration of 
other dopamine receptor agonists may lead to as 
efficacious, but safer, alternatives. 



Combination of existing therapeutic principles 

The obvious aim of combination therapy is to 
increase efficacy and/or decrease adverse effects. 
The availability of efficacious oral treatments of ED 
with different modes of action makes it logical to try 
combination therapy in patients who respond 
unsatisfactorily to single-drug therapy. Combination 
of a centrally acting agent with a drug with a 
peripheral site of action seems attractive, but other 
combinations may also be interesting alternatives. 
However, it is important to underline that to really 
take advantage of combinations and to find optimal 
dosages for effective and safe therapy, randomized 
controlled clinical trials should be performed. 
Before such information has been obtained, 
combined use is not generally recommended. 



Apomorphine and sildenafil 

By acting on dopamine receptors on central nervous 
structures that control penile erection, apomorphine 
generates a signal that starts the erectile process in 
the target organ. If the responsiveness of the 
mechanisms that mediate erection in the penis is 
increased, a good erectile response should be 
expected. A combination of apomorphine and 
sildenafil would fulfill these requirements. Using a 
rat model, it was shown that an apomorphine- 
induced increase in intracavernous pressure could 
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Figure 1 Sildenafil prolongs the erectile responses to apomor- 
phine in rats. Data are from Andersson et al.^^ 



be prolonged by sildenafil (Figure 1).^® These 
results suggested that there may be a role for the 
combination of apomorphine and sildenafil in the 
management of ED. 



selective compound BMY 7378 was inactive in 
human corpus cavernosum preparations. Using a 
selective antagonist of aiA-ARs, Ro70-0004/003, 
Choppin et qF^ found that in vitro the drug 
effectively antagonized NA-induced contractions. 
In a randomized, placebo-controlled, crossover 
study of 24 patients with ED. this highly selective 
drug, given orally, did not improve erectile function 
compared with placebo. 

Experiments in animal models have given con- 
flicting results. In vivo experiments in rats suggested 
that the a^B- and aiL-AR subtypes were functionally 
relevant for erectile function. However, in vitro, 
aiA-ARs were found to be responsible for the 
contractile response of rat corpus cavernosum, 
which does not seem to be in agreement with the in 
vivo data reported by Sironi et al.^^ In contrast to 
these results. Mizusawa et al (unpublished data) 
found that in rats an aio-AR antagonist proved to be 
effective both in vitro and in vivo. The combination 
of apomorphine and ain-AR antagonism proved very 
effective (Mizuzawa et al, unpublished data; Figure 
2). Whether the combination of apomorphine and a 
subtype selective a-AR antagonist will be advanta- 
geous also in humans would be worth investigating. 



Apomorphine and a-adrenoceptor antagonists 



Nitrosylated a-AR antagonists 



Another combination that seems attractive is a 
central impulse generator (apomorphine) and a drug 
that decreases sympathetic tone in the penile 
erectile tissues. A necessary requirement is that 
the a-adrenoceptor (AR) antagonist has no negative 
effects on cardiovascular functions. In human 
corpus cavernosum tissue, both a^- and a2-ARs have 
been demonstrated, but available information sup- 
ports the view of a functional predominance of 
tti-ARs. This may be the case also in the penile 
vasculature, although an important contribution of 
a2-ARs to the contraction induced by noradrenaline 
(NA) and electrical stimulation of nerves cannot be 
excluded. ^7 All the subtypes of ai-AR with high 
affinity for prazosin (aiA. ocib, and aio) have been 
demonstrated in human corporal tissue; however, 
mRNAs for the aiA- and aio-ARs are predominating. 
Functional studies of human corpus cavernosum 
tissue have suggested that the NA-induced contrac- 
tion in this tissue may be mediated by several 
receptor subtypes, An additional oci-AR subtype 
with low affinity for prazosin (aiL). which has not 
been cloned, has been demonstrated in, for example, 
vascular smooth muscle. The possibility that the 
ttiL-AR subtype, which may be a conformational 
state of the aiA-AR,^^ is of importance in human 
penile erectile tissues was recently suggested by 
Davis et ol^^ who also found that the aiD-AR 



Thymoxamine (moxisylyte) and yohimbine are 
currently used for the pharmacological treatment 
of ED.^ Moxisylyte has a competitive and relatively 
selective blocking action on ai-ARs, and in vitro, 
moxisylyte relaxed NA-contracted human corpus 
cavernosum preparations,^^ but was less potent than 
prazosin and phentolamine. Intracavernosal injec- 
tion of moxisylyte has been shown to facilitate 
erection compared with placebo. 

Yohimbine has been used for many years as an 
oral agent for the treatment of ED. Although its 
effects on facilitating erection in animal models 
have been well demonstrated, its therapeutic value 
for the treatment of impotence in humans has been 
questioned.^ 

Nitrosylation of moxisylyte and yohimbine re- 
sulted in compounds (SNO-moxisylyte and SNO- 
yohimbine) that in vitro were significantly more 
potent that their parent compounds. In vivo, SNO- 
moxisylyte and SNO-yohimbine, given intracaver- 
nously, produced greater and more long-lasting 
increases in intracavernous pressure (rabbits) than 
the non-nitrosylated compounds, without having 
any effect on blood pressure, It was suggested that 
SNO-moxisylyte and SNO-yohimbine may be useful 
therapeutic agents for the local (intracavernosal. 
transglandular, or transurethral) pharmacological 
treatment of ED.^^ 
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Figure 2 The effects of apomorpbine can be enbanced in tbe presence of a,D-adrenoceptor blockade in the rat. A-119637 is a selective 
ot,D-adrenoceptor antagonist.®® i.p. indicates intraperitoneally; s.c, subcutaneously. 



Other combinations 

Angulo et aP^ analyzed the effects of combining the 
a-AR antagonist phentolamine with L-arginine or 
sildenafil on nerve-induced relaxations in strips of 
the rabbit corpus cavemosum. They were able to 
demonstrate a synergistic interaction between the 
AR antagonist and the enhancers of the nitric oxide 
(NO)/cGMP pathway and suggested that the combi- 
nation could represent a therapeutic advantage in 
the treatment of ED. Controlled clinical trials are 
required to prove or disprove this suggestion. 



New targets within the central nervous system 
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Figure 3 a-Melanocyte stimulating hormone (MSH] and oxyto- 
cin produce similar increases in number and duration of erectile 
responses in the rat vi^hen given intracerebroventricularly (i.c.v.). 



After intracerebroventricular or hypothalamic peri- 
ventricular injection into various animal models, 
the adrenocorticotropic hormone (ACTH) and the a- 
melanocyte stimulating hormone (a-MSHs) induce 
penile erection (Figure 3) and ejaculation, grooming, 
stretching, and yawning. 27 Most, if not all, of the 
effects of the a-MSH/ACTH peptides are mediated 
via specific subtypes of melanocortin (MC) recep- 
tors. Five different subtypes of MC receptor have 
been cloned and more or less extensively character- 
ized. 28.29 The a-MSH/ACTH peptides seem to act in 
the hypothalamic periventricular region, and groom- 
ing, stretching, and yawning, but not penile erec- 



tion, appear to be mediated by MC4 receptors. ^^-^^ 
However, the subtype (or subtypes) associated with 
erectile responses has not been established. 

Most of the information on proerectile effects of a- 
MSH/ACTH peptides has been obtained in rats. 
However, the principle seems to work also in 
humans, Thus, Melanotan II, which is a cyclic 
nonselective MC receptor agonist, was found to be a 
potent initiator of penile erection in men with 
nonorganic ED, when injected subcutaneously.^i-^^ 
However, yawning and stretching, and in some 
cases severe nausea and vomiting, limited its use. 
Nevertheless, the principle of MC receptor agonism. 
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maybe with subtype selective drugs, is a new and 
potentially useful therapeutic option. 



Oxytocin and oxytocin receptors 

When injected into the lateral cerebral ventricle, the 
paraventricular nucleus (PVN) of the hypothalamus, 
or the hippocampus of laboratory animals, oxytocin 
was found to be a potent inducer of penile 
erection. 3^ The erectile response was blocked 
by oxytocin antagonists and by electrolytic lesion 
of the PVN.^^-^^ The oxytocin-induced erections 
were also abolished by castration, and testosterone 
replacement restored erectile function. 

Several central neurotransmitters may converage 
on the oxytocinergic system as activators (for 
example, dopamine) or inhibitors (for example 
opioid peptides) of its transmission. Evidence 
supports calcium as a second messenger, mediating 
oxytocin-induced penile erection in the PVN and 
oxytocinergic receptor coupling with calcium chan- 
nels through a pertussis toxin-sensitive G pro- 
tein. The oxytocinergic system may also be 
influenced by the NO synthase signal transduction 
pathway, since inhibitors of this pathway prevent 
penile erection and yawning in rats induced by 
oxytocin, dopamine, and N-methyl-D-aspartate 
(NMDA) stimulation. '*2-44 since many of the cen- 
trally active agents that can stimulate erection seem 
to act via oxytocinergic mechanisms (Figure 4), it 
would be logical to explore the potential of oxytocin 
and/or analogues in ED treatment. 



Growth hormone-releasing peptide receptors 

A new class of peptide molecules that release 
growth hormone (GH) in experimental animals and 
humans, with an efficacy higher than that of the 



endogenous GH-releasing hormone (GHRH). has 
recently been characterized. ^^-^^ These GH-releasing 
peptides, like GHRH, also increase eating in labora- 
tory animals when injected intracerebroventricu- 
larly, but the eating effect is not strictly related to the 
ability of these peptides to release GH,'*^ since they 
act on receptors different from those activated by 
GHRH and are linked to intracellular messenger 
pathways different from those used by GHRH.^^ 

In rats, EP 60761 and EP 50885, two analogues of 
the GH-releasing peptide hexarelin, were shown to 
induce penile . erection episodes (Figure 5) indis- 
tinguishable from those elicited by dopamine re- 
ceptor agonists, oxytocin, or NMDA when injected 
into the PVN and irrespective of their effect on GH 
release.^^"^^ The results also suggested that EP 
60761 and EP 50885 induced penile erection by 
increasing central oxytocin transmission, possibly 
by activating NO synthase in the cell bodies of 
oxytocinergic neurons located in the PVN that 
control penile erection. 



S'Hydroxytryptamine receptors 

It is well established that 5-hydroxytryptamine (5- 
HT; serotonin) neurons participate in the control of 
sexual behavior, both in humans and in animals. 
5-HT pathways are considered to exert a general 
inhibitory effect on male sexual behavior.^^ How- 
ever, these pathways may be inhibitory or facil- 
itatory, depending on the action of the amine at 
different subtypes of 5-HT receptors located at 
different sites in the central nervous system.^^ 

Many 5-HT receptor subtypes have been identi- 
fied, which can rationally be divided into G protein- 
coupled and ligand-gated ion channel-related 
subfamilies.^^ The receptors use different effector 
systems in different cells, which may explain the 
conflicting reports on the effects of 5-HT agonists 
and antagonists on sexual functions. For example, 
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Figure 4 Many of the centrally active agents that can stimulate 
erection seem to act via oxytocinergic mechanisms. GHRP 
indicates growth hormone-releasing peptide; EAA, excitatory 
amino acid; CTH, adrenocorticotropic hormone; MSH, melano- 
cyte-stimulating hormone; and m-CCP, m-chlorophenylpipera- 
zine, a 5-hydroxytryptamine2c receptor agonist. 
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Figure 5 Effects of hexarelin and analogues on erectile activity 
in rats. Data are from Melis et al.^° 



International Journal of Impotence Research 



New directions for ED therapies 
K-E Andersson and P Hedlund 



agonists may either enhance or depress sexual 
function, which has been attributed to the involve- 
ment of multiple 5-HT receptors. 5-HTia, 5-HTib, 
5-HT2A. and 5-HT2C receptor subtypes have been 
found at different levels of the spinal cord.^^-se 
accordance with the selective use of 5-HT receptor 
agonists and antagonists, components of male 
copulatory behavior were found to be displayed 
variably. For example, S-HT^a receptor activation 
may have contrasting effects on sexual function, 
depending on the dose of administration and 
location of the receptor in the brain. Using 
immunohistochemistry, Bancila et aP^ found that 
the supraspinal serotonergic control of erection at 
the lumbosacral level appeared to be strongly 
associated with activation of S-HTac receptors. 1- 
(3-chlorophenyl)-piperazine, a trazodone metabo- 
lite, and N-trifluoromethylphenyl-piperazine are 
considered partial agonists at 5-HT2C receptors and 
usually display 5-HT2A receptor antagonistic ac- 
tions. They both induce erection in rodents, but 
they also significantly inhibit ejaculation and sexual 
behavior,^ Several agonists with selective action 
on 5-HT2C receptors have been synthetized^^ and 
shown to induce penile erection in rats, suggesting 
an important role for the S-HTgc receptor in the 
control of erectile mechanisms. Further supporting 
this, RSD 992, an agonist at 5-HT2C receptors, 
induced erections and facilitated male copulative 
behavior. 

Current developments of 5-HT2C receptor agonists 
may result in therapeutically useful drugs. 



New peripheral targets 

Guanylyl cyclases 

Both membrane-bound (particulate) and soluble 
isoforms of guanylyl cyclases (GCs) are expressed 
in nearly all cell types. ®^ Kim et aP^ demonstrated 
production of cGMP by particulate GC (GC-B) in 
rabbit and rat corpus cavernosum membranes 
stimulated by C-iype nalriuretic peptide 1-22 



(CNP), atrial natriuretic peptide 1-28 (ANP), and 
brain natriuretic peptide 1-26. CNP but not ANP 
relaxed precontracted isolated preparations of rabbit 
corpus cavernosum. 

Stief et a/®3 demonstrated the mRNA expression 
of GC-B and the presence of the membrane-bound 
GC-B protein in the helicinal arteries of the human 
corpus cavernosum. In isolated cavernosal tissue, 
CNP induced a pronounced relaxation. Stief et al^^ 
speculated that this pathway may be a promising 
target for future ED treatment. 

In the penis, soluble GC (sGC) is probably the 
most important receptor for NO as a signaling 
molecule. The enzyme, which catalyzes the conver- 
sion of guanosine triphosphate (GTP) into cGMP, 
consists of two different subunits and contains a 
prosthetic heme group. NO binds to this heme group 
and mediates up to 400-fold activation of the 
enzyme. 

YC-1 , 3-(5'-hydroxymethyl-2'-furyl)-l-benzylinda- 
zole, was shown to elicit a direct activation of sGC 
by increasing the affinity for GTP and increasing the 
maximal enzyme activity, leading to increased 
cGMP levels in smooth muscle cells. YC-1 also 
caused a large activation in the presence of the NO 
donor sodium nitroprusside, which lead to a 
remarkable 2200-fold stimulation of the human 
recombinant sGC,®^ In addition, YC-1 enhanced 
the sGC stimulating effect of carbon monoxide (31- 
to 34-fold above carbon monoxide alone).®^ Another 
NO-independent activator of sGC is BAY 41-2272,^7 
which was reported to be 100-fold more potent than 
YC-1. YC-1 seems to be able to stimulate NO 
synthesis and release^^ and, in contrast to BAY 
41-2272, to inhibit cGMP hydrolyzing PDEs,^^ 
enhancing the overall effect of cGMP. 

YC-1 caused concentration-dependent relaxant 
responses in NA-contracted rat corpus cavernosum 
preparations and enhanced responses to electrical 
field stimulation.70'7^ yC-l also enhanced the 
relaxant response induced by carbachol. In vivo, 
YC-1 elicited not only dose-dependent erectile 
responses when administered intracavernously, 
but also increased the effects on intracavernous 
pressure produced by stimulation of the cavernous 
nerve (Figure 6). 
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Figure 6 Dose-dependent erectile responses (intracavernous pressure) to incorporeal (i.e.) injections of YC-1 in rats. 
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Rho-kinase 

In smooth muscle, the force/Ca2+ ratio is variable 
and depends partly on specific activation mechan- 
isms. For example, a-AR agonists induce a higher 
force/Ca2+ ratio than does a depolarization-induced 
increase (that is, potassium chloride) in intracellular 
Ca2+, suggesting a 'Ca-sensitizing' effect of agonists. 
Furthermore, it has been shown that at a constant 
sarcoplasmic Ca^-*- level, decrease of force (Ca 
desensitization) can be observed. The effect of Ca- 
sensitizing agonists is mediated by GTP- 
binding proteins that generate protein kinase C 
or arachidonic acid as second messengers. ^^-^^ The 
major mechanism of Ca^"*" sensitization of smooth 
muscle contraction is through inhibition of the 
smooth muscle myosin phosphatase, thus increas- 
ing myosin light chain phosphorylation by basal- 
level activity of myosin light chain kinase. The 
resulting myosin phosphorylation and subsequent 
smooth muscle contraction therefore occur without 
a change in sarcoplasmic Ca^"^ concentration. Ca^"*" 
sensitization by the Rho-A/Rho-kinase pathway 
contributes to the tonic phase of the agonist-induced 
contraction in smooth muscle, and abnormally 
increased activation of myosin by this mechanism 
may play a role in certain diseases. This calcium- 
sensitizing Rho-A/Rho-kinase pathway may also 
play a synergistic role in cavemosal vasoconstric- 
tion to maintain penile flaccidity. Rho-kinase is 
known to inhibit myosin light chain phosphatase 
and to directly phosphorylate myosin light chain, 
resulting in a net increase in activated myosin and 
the promotion of cellular contraction. Although 
Rho-kinase protein and mRNA have been detected 
in cavernosal tissue, the role of Rho-kinase in the 
regulation of cavernosal tone is unknown. Based 
on the hypothesis that antagonism of Rho-kinase 
results in increased corpus cavernosum pressure, 
initiating the erectile response independently of 
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Figure 7 Nitric oxide-independent erectile response to the Rho- 
kinase antagonist Y-27632 in the rat. CCP indicates corpus 
cavernosum pressure; MAP, mean arterial pressure; and L-NNA, 
N^-nitro-L-arginine. Modified from Chitaley et al7^ 



NO, the effect of the Rho-kinase antagonist Y-27632 
on cavernosal tone was examined. ^^-^^ The authors 
found that Y-27632 stimulated rat penile erection 
independently of NO (Figure 7) and suggested that 
the principle of Rho-kinase antagonism could be a 
potential alternative avenue for the treatment of 
Supporting this view, Rees et alj'^ investigat- 
ing the effect of Y-27632 on contractions induced by 
noradrenergic nerve stimulation and phenylephrine 
in human and rabbit corpus cavernosum, found that 
both types of contraction were inhibited by Y-27632 
in a concentration-dependent way. 

Somatic gene therapy 

Somatic gene therapy for ED, the genetic modification 
of differentiated cells, has produced encouraging 
preclinical results in various models of ED.^'^®"^° 
The penis seems to be a suitable organ for the use of 
gene therapy because of its external location, easy 
accessibility, and the low turnover rate of vascular 
smooth muscle cells, which will allow a desired 
gene to be expressed for long periods without 
affecting the systemic circulation. Gene therapy 
makes it possible to augment a missing or decreased 
relaxation-mediating component in the corpus ca- 
vernosum, and several approaches have been tried, 
including intracorporal injection of naked comple- 
mentary DNA (cDNA) encoding inducible NO 
synthase, hSlo cDNA encoding the human smooth 
muscle maxi-potassium channel, and adenoviral 
gene transfer of endothelial NO synthase (Figures 8 
and 9).^^"^* These studies support the view that in 
vivo gene transfer can have beneficial physiological 
effects on penile erection. 

Whether or not gene therapy will represent the 
future of pharmacotherapy for ED is currently a 
matter of discussion. In this context, Moreland 
(personal communication) has raised the following 
interesting points. First, penile erection is a condi- 
tional response. The penis is erect for only a brief 
time during a 24-h period; however, most gene 
therapy constructs results in constitutive expres- 
sion. Potentially, overexpression of NO synthase, for 
example, could result in prolonged erection and 
even priapism. Second, gene therapy requires 
redosing. If dosed frequently enough, what is the 
benefit of gene therapy over conventional on- 
demand pharmacologic treatment? Third, who is 
treatable? If cavernosal smooth muscle is damaged 
(cardiovascular disease, diabetes, hypercholestero- 
lemia), will anything work? Fourth, what should 
research address? Research should select new and 
better targets and validate the current ones, such as 
potassium channels, NO synthase, vascular en- 
dothelial growth factor (VEGF), and neurotropins. 
Better means of delivery need to be explored to 
maximize duration and efficiency of delivery. Genes 
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Figure 8 Effect (intracavemous pressure changes) of gene therapy with intracorporeally injected hSlo complementary DNA. encoding 
the human smooth muscle maxipotassium channel. Data are from Christ et a/."^ 
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Figure 9 Effect (intracavemous pressure changes, ICP) of gene 
therapy with adenoviral gene transfer of endothelial nitric oxide 
synthase (eNOS) in rats. Data are from Champion et a/." 



need to be identified and explored that work in 
combination with oral or injectable therapies. Is 
there a possibility of removing trabecular smooth 
muscle from the patient, culturing in vitro, transfect- 
ing a therapeutically beneficial gene, and reimplant- 
ing tissue-engineered corpus cavernosum? 

Provided that future research will overcome some 
of these problems, gene therapy may develop into an 
effective therapeutic option. 



Prevention strategies 

Focus on risk factors and comorbidities 

Previous studies that show associations between ED 
and heart disease, peripheral vascular disease, and 
stroke suggest that ED may be a sentinel event for 
underlying atherosclerosis.^^ ED shares several 
modifiable risk factors with vascular disease, in- 



cluding cigarette smoking, hypertension, and un- 
favorable lipid levels. Obesity, sedentary behavior, 
and chronic alcoholism have also been implicated. 
The link between ED and vascular disease suggests 
that these risk factors may be promising targets for 
prevention. However, aging is probably the most 
important risk factor for ED, but it seems difficult to 
prevent. However, a common denominator for aging, 
diabetes, atherosclerosis, and smoking is a reduced 
efficacy of the NO/cGMP pathway, and ways of 
preventing or stopping progression of this reduc- 
tion are desirable. In this context, the findings 
that intracavernosal injections of VEGF protect 
endothelium-dependent corpora cavernosal 
smooth muscle relaxation in hypercholesterolemic 
rabbits^®'^^ is of great interest. 

Derby et a/^® investigated prospectively whether 
changes in smoking, heavy alcohol consumption, 
sedentary lifestyle, and obesity are associated with 
the risk of ED. They collected data as part of a cohort 
study of a random sample of men 40 — 70-y old 
selected from street listings in the Boston metropo- 
litan area. In-home interviews were completed by 
1709 men at baseline from 1987-1989 and 1156 
men at follow-up from 1995-1997 (average follow- 
up, 8.8 y). Analyses included 593 men without ED at 
baseline, who were free of prostate cancer, and who 
had not been treated for heart disease or diabetes. It 
was concluded that midlife changes may be too late 
to reverse the effects of smoking, obesity, and 
alcohol consumption on ED. In contrast, physical 
activity may reduce the risk of ED, even if initiated 
in midlife. Derby et al concluded that early adoption 
of healthy lifestyles may be the best approach to 
reducing the burden of ED on the health and 
wellbeing of older men. 



Conclusions 

Ongoing research activities suggest that current ED 
therapies can and will be improved; there is a 
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rationale for combinations of existing oral therapies, 
but controlled clinical trials should be performed to 
optimize the potential advantages; new targets in 
the central nervous system and peripherally seem 
prorriising; gene therapy seems promising, but 
problems can slow development; and prevention 
strategies, including early adoption of a healthy 
lifestyle, should be implemented. 



Acknowledgements 

This work was supported by the Swedish Medical 
Research Council (grant no. 6837) and the Medical 
Faculty, University of Lund. 



References 



1 Andersson K-E et al. Current research and future therapies. In: 
Jardin A, Wagner G (eds). First International Consultation on 
Erectile Dysfunction. Plymbridge Distributors Ltd: Plymouth, 
UK, 2000. pp 139-203. 

2 Andersson KE. Pharmacology of erectile function and dys- 
function. Urol Clin North Am 2001; 28: 233-247. 

3 Ktithe A et al. Expression of different phosphodiesterase genes 
in human cavernous smooth muscle. / Urol 2001; 165: 280- 
283. 

4 Kiithe A et al. Gene expression of the phosphodiesterases 3A 
and 5A in human corpus cavernosum penis. Eur Urol 2000; 38: 
108-114. 

5 Uckert S. Kuthe A. Stief CG, Jonas U. Phosphodiesterase 
isoenzymes as pharmacological targets in the treatment of 
male erectile dysfunction. World J Urol 2001; 19: 14-22. 

6 Lin CS, Lau A, Tu R. Lue TF. Expression of three isoforms of 
cGMP-binding cGMP-specific phosphodiesterase (PDE5) in 
human penile cavernosum. Biochem Biophys Res Commun 
2000; 268: 628-635. 

7 Pryor J. Vardenafil: update on clinical experience. Int J Impot 
Res 2001; 14(Suppl 1): S65~S69. 

8 Porst H. IC351 (tadalafil, Cialis): update on clinical experi- 
ence. Int J Impot Res 2001; 14(Suppl 1): S57~S64. 

9 Noto T, Inoue H, Ikeo T, Kikkawa K. Potentiation of penile 
tumescence by T-1032, a new potent and specific phospho- 
diesterase type V inhibitor, in dogs. / Pharmacol Exp Ther 
2000; 294: 870-875. 

10 Oh TY. Kang KK. Ahn BO, Yoo M, Kim WB. Erectogenic effect 
of the selective phosphodiesterase type 5 inhibitor, DA-8159. 
Arch Pharm Res 2000; 23: 471-476. 

11 Takagi M et al Pharmacological profile of T-1032, a novel 
specific phosphodiesterase type 5 inhibitor, in isolated rat 
aorta and rabbit corpus cavernosum. Eur J Pharmacol 2001; 
411: 161-168. 

12 Andersson K-E. Wagner G. Physiology of penile erection. 
Physiol Rev 1995; 75: 191 -236. 

13 Lai S et al. Apomorphine: clinical studies on erectile 
impotence and yawning. Prog Neuropsychopharmacol Biol 
Psychiatry ^9&9; 13: 329-339. 

14 Heaton JP et al. Recovery of erectile function by the oral 
administration of apomorphine. Urology 1995; 45: 200-206. 

15 Heaton JP. Apomorphine: an update of clinical trial results. Int 
J Impot Res 2000; 12(Suppl 4): S67-S73. 

16 Andersson KE et al. The effect of sildenafil on apomorphine- 
evoked increases in intracavernous pressure in the awake rat. 
/ Urol 1999; 161: 1707-1712. 



17 Andersson KE. Hedlund P, Aim P. Sympathetic pathways and 
adrenergic innervation of the penis. Int J Impot Res 2000; 
12(Suppl 1): S5-S12. 

18 Daniels DV et al. Human cloned alphal A-adrenoceptor 
isoforms display alphalL-adrenoceptor pharmacology in func- 
tional studies. Eur J Pharmacol 1999; 370: 337-343. 

19 Davis B, Chappie. C, Chess-Williams R. The a-,L-adrenoceptor 
mediates contraction in human erectile tissue [abstract 406). 
Eur J Urol 1999; 35(Suppl 2): 102. 

20 Choppin A et al. Evaluation of oral Ro70-0004/003. an a-iA- 
adrenoceptor antagonist in the treatment of male erectile 
dysfunction. Int J Impot Res 2001; 13: 157-161. 

21 Sironi G et al. Effects of intracavernous administration of 
selective antagonists of alpha(l)-adrenoceptor subtypes on 
erection in anesthetized rats and dogs. / Pharmacol Exp Ther 
2000; 292: 974-981. 

22 Tong YC, Cheng JT, Subtyping of alphal -adrenoceptors 
responsible for the contractile response in the rat corpus 
cavernosum. Neurosci Lett 1997; 228: 159-162. 

23 Imagawa A, Kimura K, Kawanishi Y, Tamura M. Effect of 
moxisylyte hydrochloride on isolated human penile corpus 
cavernosum tissue, Life Sci 1989; 44: 619-623. 

24 Buvat J. Lemaire A, Buvat-Herbaut M. Intracavernous phar- 
macotherapy: comparison of moxisylyte and prostaglandin E,. 
Int J Impot Res 1996; 8: 41-46. 

25 Saenz de Tejada I et al. Design and evaluation of nitrosylated 
alpha-adrenergic receptor antagonists as potential agents for 
the treatment of impotence. / Pharmacol Exp Ther 1999; 290: 
121-128. 

26 Angulo J et al. Combination of phentolamine and L-arginine or 
sildenafil synergistically improves neurogenic relaxation of 
rabbit corpus cavernosum smooth muscle. Urology 2001; 57: 
585-589. 

27 Argiolas A, Melis MR, Murgia S, Schioth HB, ACTH- and 
alpha-MSH-induced grooming, stretching, yawning and penile 
erection in male rats: site of action in the brain and role of 
melanocortin receptors. Brain Res Bull 2000; 51: 425-431. 

28 Wikberg JE. Melanocortin receptors: perspectives for novel 
drugs. Eur / Pharmacol 1999; 375: 295-310. 

29 Wikberg JE et al. New aspects on the melanocortins and their 
receptors. Pharmacol Res 2000; 42: 393-420. 

30 Vergoni AV et al. Differential influence of a selective 
melanocortin MC4 receptor antagonist (HS014) on melano- 
cortin-induced behavioral effects in rats. Eur J Pharmacol 
1998; 362: 95-101. 

31 Wessells H et al. Synthetic melanotropic peptide initiates 
erections in men with psychogenic erectile dysfunction: 
double-blind, placebo controlled crossover study, / Urol 
1998; 160: 389-393. 

32 Wessells H et al. Effect of an alpha-melanocyte stimulating 
hormone analog on penile erection and sexual desire in men 
with organic erectile dysfunction. Urology 2000; 56: 641 -646. 

33 Wessells H et al. Melanocortin receptor agonists, penile 
erection, and sexual motivation: human studies with Melano- 
tan II. Int J Impot Res 2000; 12(Suppl 4): S74-S79. 

34 Argiolas A, Melis MR. Gesso CL. Oxytocin: an extremely 
potent inducer of penile erection and yawning in male rats. 
Eur J Pharmacol 1986; 130: 265-272. 

35 Argiolas A. Oxytocin stimulation of penile erection: pharma- 
cology, site, and mechanism of action. Ann NY Acad Sci 1992; 
652: 194-203. 

36 Chen K, Chang LS. Oxytocinergic neurotransmission at the 
hippocampus in the central neural regulation of penile 
erection in the rat. Urology 2001; 58: 107-112. 

37 Argiolas A, Melis MR, Mauri A, Gessa GL. Paraventricular 
nucleus lesion prevents yawning and penile erection induced 
by apomorphine and oxytocin, but not ACTH 1-24. Brain Res 
1987; 421: 349-352. 

38 Argiolas A. Melis MR, Vargiu L. Gessa GL. dCCHzJs Tyr(Me)- 
Om^-vasotocin, a potent oxytocin antagonist, antagonizes 
penile erection and yawning induced by oxytocin and 
apomorphine, but not by ACTH (1-24). Eur J Pharmacol 
1987; 134: 221-224. 



International Journal of Impotence Research 



New directions for ED tlierapies 
K-E Andersson and P Hedlund 



39 Melis MR, Mauri A, Argiolas A. Apomorphine- and oxytocin- 
induced penile erection and yawning in intact and castrated 
male rats: effects of sexual steroids. Neuroendocrinology 1994; 
59: 349-354. 

40 Argiolas A, Melis MR, Stancampiano R, Gessa GL. Oxytocin- 
induced penile erection and yawning: role of calcium and 
prostaglandins. Pharmacol Biochem Behav 1990; 35: 601- 
605. 

41 Stancampiano R, Melis MR, Argiolas A. Apomorphine- and 
oxytocin-induced penile erection and yawning in male rats: 
effect of pertussis toxin. Brain Res Bull 1992; 28: 315-318. 

42 Melis MR, Argiolas A. Nitric oxide synthase inhibitors prevent 
apomorphine- and oxytocin-induced penile erection and 
yawning in male rats. Brain Res Bull 1993; 32: 71-74, 

43 Melis MR, Stancampiano R, Argiolas A. Penile erection and 
yawning induced by paraventricular NMDA injection in male 
rats are mediated by ox5rtocin. Pharmacol Biochem Behav 
1994; 48: 203-207. 

44 Melis MR, Stancampiano R, Argiolas A. Nitric oxide synthase 
inhibitors prevent /V-methyl-D-aspartic acid-induced penile 
erection and yav^ming in male rats. Neurosci Lett 1994; 179: 
9-12. 

45 Deghenghi R. Growth hormone-releasing peptides. In: 
Bercu BB. Walker RF (eds). Growth Hormone Secretogogues. 
Springer: New York. 1994, pp 85-103. 

46 Ghigo E et aL Endocrine and non-endocrine activities of 
growth hormone secretagogues in humans. Horm Res 1999; 
51(Suppl 3): 9-15. 

47 Torsello A et ai. Novel hexarelin analogs stimulate feeding in 
the rat through a mechanism not involving growth hormone 
release. Eur J Pharmacol 1998; 360: 123-129. 

48 Melis MR et al. EP 60761- and EP 50885-induced penile 
erection: structure-activity studies and comparison with 
apomorphine, oxytocin and N-methyl-D-aspartic acid. Int f 
Impot Res 2000; 12: 255-262. 

49 Melis MR et aL Penile erection induced by EP 80661 and other 
hexarelin peptide analogues: involvement of paraventricular 
nitric oxide. Eur J Pharmacol 2001; 411: 305-310. 

50 Melis MR et aL EP 60761 and EP 50885, two hexarelin 
analogues, induce penile erection in rats. Eur J Pharmacol 
2000; 404: 137-143. 

51 Bitran D, Hull EM. Pharmacological analysis of male rat sexual 
behavior. Neurosci Biobehav Rev 1987; 11: 365-389. 

52 de Groat WC, Booth AM. Neural control of penile erection. In: 
Maggi CA (ed). The Autonomic Nervous System, Vol. 6. 
Harwood Academic Publishers: London, 1993, pp 465-524, 

53 Barnes NM, Sharp T. A review of central 5-HT receptors and 
their function. Neuropharmaco/ogy 1999; 38: 1083-1152. 

54 Marlier L, Teilhac JR, Cerruti C, Privat A. Autoradiographic 
mapping of 5-HTl. 5-HTlA, 5-HTlB and 5-HT2 receptors in 
the rat spinal cord. Brain Res 1991; 550: 15-23. 

55 Thor KB, Nickolaus S, Helke CJ. Autoradiographic localization 
of 5-hydroxytryptaminelA, 5-hydroxytryptaminelB and 5- 
hydroxytryptaminelC/2 binding sites in the rat spinal cord. 
Neuroscience 1993; 55: 235-252. 

56 Ridet JL, Tamir H, Privat A. Direct immunocytochemical 
localization of 5-hydroxytryptamine receptors in the adult rat 
spinal cord: a light and electron microscopic study using an 
anti-idiotypic antiserum. J Neurosci Res 1994; 38: 109-121. 

57 Rehman ], Christ GJ, Melman A, Fleishchmann J. Intracaver- 
nous pressure responses to physical and electrical stimulation 
of the cavernous nerve in rats. Urology 1998: 51: 640-644. 

58 Bancila M et al. 5-Hydroxytryptamine2C receptors on spinal 
neurons controlling penile erection in the rat. Neuroscience 
1999; 92: 1523-1537. 

59 Bos M et aL Novel agonists of 5HT2C receptors: synthesis and 
biological evaluation of substituted 2-{indol-l-yl)-l-methyl- 
ethylamines and 2-(indenoll,2-b]p5aTol-l-yl)-l-methylethyla- 
mines: improved therapeutics for obsessive compulsive dis- 
order. / Med Chem 1997; 40: 2762-2769. 

60 Hayes ES et aL Pro-erectile effects of novel serotonin agonists, 
(abstract A3l. Int J Impot Res 2000; 12(Suppl 3): S62 (abstract 
A3). 



61 Lucas KA et aL Guanylyl cyclases and signaling by cyclic 
GMP. Pharmacol flev 2000; 52: 375-414. 

62 Kim SZ et aL Presence and biological activity of C-type 
natriuretic peptide-dependent guanylate cyclase-coupled re- 
ceptor in the penile corpus cavernosum. / Urol 1998; 159: 
1741-1746. 

63 Stief C et al. Membrane bound guanylyl cyclases in human 
corpus cavernosum: expression and functional relevance 
[abstract 9211. / Urol 2001; 165tSuppl): 223. 

64 Mulsch A et al. Effect of YC-1, an NO-independent, super- 
oxide-sensitive stimulator of soluble guanylyl cyclase, on 
smooth muscle responsiveness to nitrovasodilators. Br J 
Pharmacol 1997; 120: 681-689. 

65 Lee YC, Martin E, Murad F. Human recombinant soluble 
guanylyl cyclase: expression, purification, and regulation. 
Proc Natl Acad Sci USA 2000; 97: 10763-10768. 

66 Friebe A, Koesling D. Mechanism of YC-1 -induced activation 
of soluble guanylyl cyclase. Mol Pharmacol 1998; 53: 123- 
127. 

67 Stasch JP et al. NO-independent regulatory site on soluble 
guanylate cyclase. Nature 2001; 410: 212-215. 

68 Wohlfart P et al. Release of nitric oxide from endothelial cells 
stimulated by YC-1, an activator of soluble guanylyl cyclase, 
Sr/Pharmaco/ 1999; 128: 1316-1322. 

69 Friebe A et al. YC-1 potentiates nitric oxide- and carbon 
monoxide-induced cyclic GMP effects in human platelets. Mol 
Pharmacol 1998; 54: 962-967. 

70 Nakane M ef al. Activation of soluble guanylate cyclase causes 
relaxation of corpus cavernosum tissue: synergism of nitric 
oxide and YC-1. / Urol 2001; 165(Suppl): 223 (abstract 919). 

71 Hedlund P, Mizusawa H, Andersson KE. NO-independent 
activation of guanylate cyclase in vitro and in vivo by YC-1 
in the rat corpus cavernosum. / Urol 2001; 165(Suppl): 223 
(abstract 920). 

72 Karaki H et al. Calcium movements, distribution, and 
functions in smooth muscle. Pharmacol Rev 1999; 49: 157- 
230. 

73 Kuriyama H. Kitamura K, Itoh T, Inoue R. Physiological 
features of visceral smooth muscle cells, with special reference 
to receptors and ion channels, Physiol Rev 1998; 78: 811- 
920. 

74 Somlyo AP, Somlyo AV. Signal transduction by G-proteins, 
rho-kinase and protein phosphatase to smooth muscle and 
non-muscle myosin II. J Physiol 2000; 522: 177-185, 

75 Chitaley K et al. Antagonism of Rho-kinase stimulates rat 
penile erection via a nitric oxide-independent pathway. 
Nature Med 2001; 7: 119-122. 

76 Chitaley K, Webb RC, Mills T. RhoA/Rho-kinase: a novel 
player in the regulation of penile erection. Int J Impot Res 
2001: 13: 67-72. 

77 Rees RW et aL Y-27632, an inhibitor of Rho-kinase, antag- 
onizes noradrenergic contractions in the rabbit and human 
penile corpus cavernosum. Br J Pharmacol 2001; 133: 455- 
458. 

78 Chancellor MB, Yoshimura N. Pruchnic R, Huard J. Gene 
therapy strategies for urological dysfunction. Trends Mol Med 
2001; 7: 301-306. 

79 Bivalacqua TJ, Hellstrom WJ. Potential application of gene 
therapy for the treatment of erectile dysfunction. / Androl 
2001; 22: 183-190. 

80 Melman A, Christ GJ. Integrative erectile biology: the effects of 
age and disease on gap junctions and ion channels and their 
potential value to the treatment of erectile dysfunction. Urol 
Clin North Am 2001; 28: 217-231. 

81 Garban H et aL Cloning of rat and human inducible penile 
nitric oxide synthase: application for gene therapy of erectile 
dysfunction. Biol Reprod 1997; 56: 954-963. 

82 Christ GJ et al. Intracorporal injection of hSlo cDNA in rats 
produces physiologically relevant alterations in penile func- 
tion. Am J Physiol 1998; 27: H600-H608. 

83 Champion HC et al. Gene transfer of endothelial nitric oxide 
synthase to the penis augments erectile responses in the aged 
rat. Proc Natl Acad Sci USA 1999; 96: 11648-11652. 



International Journal of Impotence Re^arch 



New directions for ED therapies 

K-E Andersson and P Hedlund 



84 Bivalacqua TJ et al. Adenoviral gene transfer of endothelial 
nitric oxide synthase (eNOS) to the penis improves age-related 
erectile dysfunction in the rat. Int J Impot Bes 2000; 12(Suppl 
3): S8-S17. 

85 Sullivan ME, Keoghane SR, Miller MA. Vascular risk factors 
and erectile dysfunction. BJU Int 2001; 87: 838-845. 

86 Byrne RR et al. Vascular endothelial grovi^th factor restores 
corporeal smooth muscle function in vitro. J Urol 2001; 165: 
1310-1315. 

87 Henry GD et al. Intracavemosal injections of vascular 
endothelial growth factor protects endothelial dependent 
corpora cavernosal smooth muscle relaxation in the hyper- 
cholesterolemic rabbit: a preliminary study. Int J Impot Res 
2000; 12: 334-339. 



88 Derby CA et al. Modifiable risk factors and erectile dysfunc- 
tion: can lifestyle changes modiiy risk? Urology 2000; 56: 
302-306. 

89 Carroll FI et al Synthesis, nicotinic acetylcholine receptor 
binding, and antinociceptive properties of 2-exo-2-(2'-substi- 
tuted 5'-pyridinyl)-7-azabicyclo(2.2.11heptanes: epibatidine 
analogues, y Med Chem 2001; 44: 2229-2237. 



Appendix 

Open discussion following Dr Andersson's 
presentation 

Dr Nehra: Can you shed some light on the functional 
significance of PDE-5A3, for example? 
Dr Andersson: I only know that this isoform of PDE- 
5 has been identified in the human penis. I think we 
have to find out whether or not it is distributed all 
over the body before we attach any hope that 
inhibition of this particular enzyme would offer 
advantages over what we already have. 
Dr Porst: To my knowledge, PDE-5A3 is very 
selective for the penis. It was only found in a small 
concentration in the cardiac system and nowhere 
else in the body. 

Dr Andersson: It was found in the myocardium, 
which gives concern. That's why I am a little 
hesitant to say that this would solve any problem. 
This would maybe give an answer to whether or not 
organ specificity will be the final solution and the 
answer to what can be obtained by PDE-5 inhibition. 
Dr Porst: Is there any place for endothelin antago- 
nists in our armamentarium for developing drugs in 
the future or should we neglect the importance of 
the endothelins? 

Dr Andersson: No, we shouldn't neglect the im- 
portance of the endothelins. We have been discuss- 
ing now for 15 y endothelin and endothelin's role in 
penile erection. Since the initial observations that 
we could demonstrate endothelin generation in 



penile erectile tissue, we have made no progress. 
We do not know whether or not endothelin is 
involved in erectile mechanism in a significant way. 
The reports on use of endothelin antagonists in 
erectile function or erectile mechanism have not 
given any clues as far as I know. 
Dr Montorsi: Do we know if the currently available 
inhibitors of PDE-5 are inhibiting that subtype? And 
if we know that, are there any differences among 
sildenafil, tadalafil, and vardenafil with regards to 
the PDE-5A3 subtype? 

Dr Meuleman: I'm aware of papers that show that 
ACE inhibition and cholesterol synthase inhibitors 
in the long run improve endothelial function, so 
these may be strategies to stop the process of 
vascular aging also in ED patients. 
Dr Andersson: ACE inhibitors and also angiotensin 
II receptor blockers seem to be very useful, for 
example, in diabetes and renal vascular changes in 
diabetes. It's easy to extrapolate that this may also be 
a valid way to prevent vascular changes occurring in 
the penis. So far we have no information on that. 
Dr Giuliano: Do you have any thought on the 
rationale for using chronic, daily dosing with PDE- 
5 inhibitors to prevent or act as a disease-modifying 
agent for erectile dysfunction? 

Dr Andersson: I think that all therapies that are 
effective and can lead to maintaining sexual activity 
could have some improvement on erectile function 
and slow the progress of the disorder. This is one 
aspect of PDE-5 inhibitors. It may be slowing down 
the progress of the disease. 
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